Shifts in natural or spontaneous language have been reported with psychological and physical changes, as well as shifts in predetermined words selected to describe dyspnea. Less evidence exists for natural language shifts and breathing intensity, particularly for everyday life and for negative emotion. Therefore, this study purpose was to describe the relationship between levels of everyday breathing intensity and the natural language word categories used in describing breathing, including a negative emotion category. A longitudinal descriptive research design and a convenience sample of 45 individuals were used. Natural language was analyzed as rates of word used based on three levels of breathing intensity. Non-parametric statistics were used to test differences between rates of word use and non-use on low, moderate, and high breathing intensity days, as well as correlations to subscales that measured negative emotion on the Bronchitis-Emphysema Symptom Checklist (BESC) and the Breathing Standard Index. Statistically significant associations were reported between level of breathing intensity and negative emotion, anger, cause, insight, time, and body words. Several significant correlations were reported with the psychosocial measures, including negative emotion and anxiety words with the BESC hopelessness/helplessness, time subscale, and negative emotion words with the inverse of typical breathing (i.e., atypical breathing). By showing significant associations between key word categories, in particular negative emotion and anger word use, levels of breathing intensity, and selected psychosocial measures, this study contributes to the body of knowledge about the influence of levels of breathing intensity on natural word use in everyday life.
Introduction
Worldwide, chronic obstructive pulmonary disease (COPD), the only leading cause of death with a rising mortality rate, is underdiagnosed. 1 Because no current intervention halts progressive damage to the pulmonary system, treatment is focused on symptom management. The purpose of this study was to investigate natural or spontaneous language word use and levels of breathing intensity.
Research has reported sensitivity of natural or spontaneous language to psychological and physical changes. 2 Studies of language and breathing have shown the sensitivity of predetermined word selection to describe levels of dyspnea usually laboratory induced. [3] [4] [5] [6] Two recent studies of everyday breathing intensity 7, 8 reported high variable breathing intensity associated with shifts of natural language breathing intensity descriptors. 7 In addition, statistically significant associations have been described between maximum and minimum breathing intensity days and natural language word use related to negative emotion, anger, anxiety, and the body. 8 
Research questions
The rationale driving this examination was that negative emotions, the perception of breathing pattern, and fluctuations of daily breathing influence words used by individuals with COPD to describe breathing intensity. The research questions posed were: 1) What is the rate of word use for selected word categories on low, moderate, and high breathing intensity days? 2) Is there a relationship between rates of word use for selected word categories and psychosocial measures that evaluate negative emotion? and 3) Is there a relationship between rates of word use for selected word categories and awareness of typical breathing and breathlessness?
Methods

Subjects
A convenience sample of 45 individuals with moderate to severe COPD was recruited from a large city in the southwestern United States. Criteria for inclusion were: a clinical diagnosis of obstructive pulmonary disease (FEV 1 /FVC < 70%), moderate to severe pulmonary impairment based on GOLD staging system, 9 and no history of exacerbations of lung disease or uncontrolled congestive heart failure for 3 months before enrollment. Table 1 describes the subjects, who were predominantly men, reported obstructive disease with moderate to severe lung impairment, and had no apparent cognitive deficits.
Study design
The study that used a longitudinal descriptive research design was approved by the Human Subjects Committee at the institution sponsoring the research. After obtaining informed consent, baseline measures were collected, including demographic information, spirometry data, and general cognitive measures. Subjects recorded breathing intensity and descriptions of breathing once a day in logs over 14 consecutive days.
Instruments
Spirometry
Spirometry was conducted according to American Thoracic Society guidelines, 10 using an Alpha I ® spirometer (Vitalograph, Lenexa, Kansas, USA) with Morris predicted values. 11
General cognitive function
The Mini Mental State Exam (MMSE) 12 was used to evaluate subjects' general ability to recall information, which would affect their ability to describe breathing experience. The MMSE consists of 20 items with weighted scoring, ranging from 0 to 30, with scores above 24 considered normal. MMSE scores of 27.6 ± 1.7 (range, 24-30) for normal individuals and 27.0 ± 1.8 (range, 23-30) for patients with COPD have been reported, with few scores below 24. 12, 13 Negative emotions associated with breathlessness
The Bronchitis-Emphysema Symptom Checklist (BESC) is a self-administered 73-item questionnaire evaluated on a 5-point scale based on the frequency of occurrence, from "never" to "always." The BESC consists of 11 symptom categories and was used to provide a self-reported measure of negative emotions experienced with breathlessness. Three BESC symptom categories were used: the 6-item anxiety, 5-item irritability, and 4-item helplessness/hopelessness. Previous reports of reliability for each symptom category ranged from α = 0.81 to α = 0.94, 14 and for this study, α = 0.89 to α = 96.
Perception of breathing patterns
The Breathing Standard Index (BSI) contains 15 questions evaluating perception of breathing patterns using a Visual Analogue Scale (VAS). Higher scores indicate greater typical breathing (i.e., less breathing awareness, more typical breathing patterns, and breathlessness). In previous studies, the BSI reported good reliability (α > 0.75), and a three-factor solution explained 58% of the variance in response from patients with COPD. 15, 16 Daily breathing intensity Two VASs, consisting of two vertical lines both 100 mm long, were used to measure daily self- reports of breathing intensity, operationally defined for this study as breathing effort (amount of work or energy associated with breathing) and breathing distress (amount of upset associated with breathing effort). The breathing effort scale ranged from 0 (no effort) to 100 (greatest possible effort), and the breathing distress scale, from 0 (no distress) to 100 (greatest possible distress). VAS scales have been widely used to quantify breathlessness, 17 as well as measure feelings about breathlessness. 18 Reliability and validity of the VASs for both distress and effort have been examined and supported in this population. 19 
Descriptions of their breathing
At baseline, subjects were provided with daily data collection forms to describe breathing over the next 14 consecutive days. To encourage adherence to daily procedures, each subject was allowed to select the preferred time of day to describe breathing. On one side of the 5½ × 8½-inch data collection form, subjects were instructed to mark the VASs for breathing distress and effort. On the opposite side, subjects were instructed to record as much detail about their breathing as possible, including any physical sensations, associated emotions, or details they believed pertinent.
Data preparation
Daily VAS scores for breathing effort and distress were calculated by measuring in millimeters, the distance from the baseline anchor to the midpoint of the mark on the vertical line. VAS scores were then aggregated a priori into three levels of breathing intensity, 0-33 mm scores were designated as "low breathing intensity days," 34-67 mm as "moderate breathing intensity days," and 68-100 mm scores as "high breathing intensity days." The 14-day handwritten natural language logs were disaggregated into individual days by subject and transcribed into a Microsoft Word (Version 2000) document and then formatted for computerized content analysis using the Linguistic Inquiry Word Count (LIWC) software program. LIWC is a proprietary software program developed by Pennebaker, et al. 20 for analyzing whole texts of written or spoken words. Logged words aggregated into word categories, then counted, divided by the total number of words, and expressed as rates of word use by day.
LIWC reaggregated the logged words into 76 word categories by searching text files for more than 2300 words or word stems and then categorizing the text files. 20 Although decision rules are not divulged because of the proprietary nature of the software program, the logic was developed by an expert panel. 20 Word categories include "language categories (e.g., articles, prepositions, pronouns), psychological processes (e.g., positive and negative emotional categories; cognitive processes, such as use of causation words; self-discrepancies), relativityrelated words (e.g., time, verb tense, motion, space), and traditional content dimensions (e.g., sex, death, home, occupation)." 20 (p. 10)
Data analysis
To analyze word use, calculated daily word rates were examined in relationship to levels of breathing intensity.
Rates of word use and levels of breathing intensity
Selected rates of word use (positive emotion, negative emotion, anxiety, anger, sadness, total cognitive mechanisms, insight, causality, past, present, future, and body) were analyzed in relationship to three levels of breathing intensity. First, the chi-square statistic 21 was used to analyze key word categories for proportions of word use and non-use for low, moderate, and high breathing intensity days. The Kruskal-Wallis non-parametric equivalent to a one-way analysis of variance 21 was then used to test the differences, with rates of word use per day as the unit of analysis and each day as an independent event. Because rates of word use were disaggregated from individuals and reaggregated by word category per day, outcomes related word categories, not individuals, to levels of breathing intensity. Non-parametric evaluation was selected because several word categories were not normally distributed (skewed, that is, zeros some days, other days not), as well as to maintain conservative estimates of significance.
BESC and BSI correlations
Scores for the three BESC symptom categories used in this study (anxiety, irritability, helplessness/hopelessness) and for the BSI perceptions of breathing patterns (awareness of breathing, typical breathlessness, typical breathing) were correlated with rates of word use for the key word categories using the Spearman rho statistic. 21 Positive emotion, negative emotion, cognitive mechanisms, time and body were related to the BESC negative emotions associated with breathlessness and to the BSI awareness of breathing, typical breathing, and typical breathlessness.
Results
Research question 1: daily breathing intensity and word use
Daily breathing intensity, as measured by VAS scores for breathing effort and distress, averaged 34.4 and 31.0, respectively ( Table 1) . Because breathing effort and distress usually varied together, results for both are presented. 17 Total words and word use Subjects contributed 16,744 words. Word use for key word categories included cognition, time, body, positive and negative emotion, are identified in Table 2 and graphically depicted in Figure 1 . Individual total word count for all days decreased as breathing intensity increased. Because the opposite was identified in a previous study of maximumminimum breathing intensity days (i.e., total word count increased with increasing breathing intensity), these findings were analyzed and compared with the previous maximum-minimum study. T-tests of breathing effort and distress reported similar outcomes for the current and previous studies ( Table 3 ).
Word categories
Negative emotion words reported different proportions of use and showed statistically significant association across low, moderate, and high breathing intensity days. Although positive emotion and cognition words increased across high to low breathing intensity days, negative emotion and body-related words decreased on low breathing intensity days. Proportions of word use and non-use in relationship to the three levels of breathing intensity showing statistically significant associations were cognition words and body words ( Table 4 ). Time words were so predominant that the proportion of non-use was too low to test statistically.
Rates of word use and level of breathing intensity
There was a statistically significant association between the following rates of word use and increasing levels of breathing intensity based on VAS scores for breathing effort and distress: negative emotion, anger, time past, time present, and body (Table 4) . One difference identified between breathing effort and distress, however, involved cognitive words related to insight and causality. Insight was associated with breathing effort, and causality was associated with breathing distress. Positive emotion, anxiety, sadness, total cognitive mechanisms, and future time had no statistically significant associations with breathing effort and distress. Of particular interest was the use of anger words. Figure 2 depicts the 14-day experience for two subjects. Word use for anger and body is graphed, as well as VAS scores for breathing distress and effort. 
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Research question 2: BESC and word use
Scores on the three BESC symptom categories (anxiety, irritability and helplessness/hopelessness) used in this study to measure negative emotion and breathlessness were middle range for each subscale (Table 1 ). Significant correlations between the three BESC symptom categories and key categories of word use showed significance ( Table 5 ). Negative emotion words correlated significantly with the 4-item hopelessness/helplessness, positive emotion words with the inverse of the 5-item irritability (i.e., increasing positive emotion words with decreasing irritability), and time words with the inverse of the 6-item anxiety (i.e., increased use of time related words with decreased anxiety) ( Table 5 ). In addition, the specific negative emotion word, anxiety, correlated significantly with hopelessness/helplessness, as did the specific cognitive mechanism word causality ( Table 5 ).
Research question 3: BSI and word use
BSI scores were close to or above 50, meaning subjects had higher than normal awareness of breathing patterns (Table 1) . Results (Table 5) reported two significant correlations. Time words correlated significantly with awareness of breathing, and negative emotion words correlated significantly with the inverse of the 5-item typical breathing (i.e., more negative emotion words with atypical breathing). In addition, causality word use associated with cog-nition was significantly correlated with typical breathlessness.
Discussion
Language and breathing intensity
An unexpected finding was that total word count decreased as level of breathing intensity increased, in contrast to a previous study that had reported increasing word count on maximum compared with minimum breathing intensity days. 8 Analyzing both studies with T-tests showed similar outcomes for this study compared with the previous studythere was a statistically significant association (P ≤ 0.01) with increased word count on maximum breathing intensity days compared with the minimum breathing intensity days in terms of VAS scores for breathing effort, as well as VAS scores for breathing distress (P ≤ 0.01). In this current study, however, because all breathing intensity days were analyzed, not just maximum and minimum days, the total word count for all days decreased as breathing intensity increased. Results are displayed in Table 3 . Decreasing word count with increasing levels of breathing intensity may be explained in several ways. One explanation is that subjects are too focused on increased breathing intensity to write lengthy logs. Subjects could have cognitively processed increased breathing intensity, but not written about it. A second explanation is that subjects perceptually, not cognitively, processed increased breathing intensity.
Anger and increasing breathing intensity
Anger has not been identified in previous research about breathing intensity, including language studies of dyspnea. A correlation with anxiety, but not anger, has previously been reported in studies of breathing intensity. Therefore, this finding is also unexpected and important to pursue. Results reported that rates of anger words increased with breathing intensity (Table 4 ). No other negative emotion words, such as "sad" and "anxiety," had statistically significant associations. Examples of anger words use by two subjects are presented in Figure 2 and compared with VAS scores for breathing distress and effort and use of body words. Rates of anger words, however, did not significantly correlate with the BESC irritability subscale, although the inverse of irritability was significantly correlated with positive emotion. Anger is a multifaceted word. For example, anger has been regarded as a mobilizing force. 22 Alternatively, anger has also been associated with depression, 23 and depression associated with COPD. 24 More research is needed to describe anger and its role and prevalence among individuals with moderate to severe COPD.
Time and increasing breathing intensity
Time was also an unexpected finding. Past and present time were associated with high rates of word use and correlated significantly with the BESC anxiety subscale and the BSI awareness of breathing and typical breathlessness subscales. Time may simply have been related to use of past tense in logging breathing intensity descriptions over the previous 24 h. However, because the LIWC software is proprietary and the software logic is not available, there is no audit trail. Alternatively, time may be important because individuals with COPD must mark time related to when symptoms began, how long symptoms have been ongoing, and when symptoms stopped or changed, as well as time spent deliberating the cause of increased breathing intensity. Inter- preting symptoms is, at best, compelling, and at worst, anxiety-provoking.
Cognitive mechanism words and increasing breathing intensity
Causality word use was significantly correlated (Table 5 ) with the BESC hopelessness/helplessness and with the inverse of the BSI typical breathing. Cognitive mechanism word categories, insight and causality, were also statistically associated with breathing effort and distress. The literature reports a correlation between the cognitive words "insight" and "causality" and health improvement, that is, the greater the rates of insight and causal word use, the fewer the health care clinic visits. 25 The student sample, however, differs from a COPD sample. Previous research with a COPD sample on maximum-minimum breathing intensity days reported no increase in cognitive words on minimum breathing intensity days, a finding that may be associated with chronicity, as compared with the student sample with increased cognitive words and health improvement. For individuals with COPD, breathing intensity waxes and wanes on a day-to-day basis. 7 Evaluating and responding to the ups and downs of everyday breathing intensity is complex and likely requires more constant cognition, unlike simple health problems that are resolvable. Clearly, the relationship between language and health is complex, particularly with chronic conditions.
BESC and BSI correlations
Rates of negative emotion words and rates of anxiety words were significantly correlated with the BESC helplessness/hopelessness subscale. The experience of high levels of breathing intensity, as well as the inability to resolve high levels of breathing inten-sity could lead to feelings of helplessness/hopelessness and anxiety (i.e., "Nothing I do makes me breathe better"). Rates of negative emotion words, but not anxiety words, were also significantly correlated with the inverse of the BSI typical breathing subscale. Typical breathing is explainable by the individual (i.e., "I hurried too fast" or "I always get short of breath when I take out the garbage"). Atypical breathing, however, cannot be explained because atypical breathing does not follow typical patterns. For example, on a low breathing intensity day, one subject described awareness of subtle breathing intensity changes as he swam, but because they were not typical breathing changes, the subject questioned why he was experiencing these subtle changes. Hence, negative emotion words used in questioning atypical breathing changes would not be unexpected.
Conclusions
Individuals who experienced everyday breathing intensity related to COPD were asked to rate their breathing with similar methods, numerically and semantically. In this study, as breathing intensity increased, rates of word use changed in statistically significant associations for negative emotion, supporting a previous study that limited to just maximum and minimum breathing intensity days. 8 Because natural language has showed shifts with physiological and psychological changes, word use holds promise as a behavioral cue for identifying physiological and psychological shifts related to breathing intensity, in particular negative emotion words. Specifically, rates of anger words were identified in relationship to increasing breathing intensity. However, there was no significant correlation between rates of anger words and the BESC subscale of irritability. This study adds to the evidence that natural language, not just predetermined word selection, shifts with levels of breathing intensity. This study also shows the importance of negative emotion and anger words. Additional research is required to understand differences between negative emotion as measured by natural language word use and perception of breathing and associated emotions in psychosocial measures.
